Introduction
============

The frontal QRS-T angle, which is the absolute value of the difference between QRS axis and T-wave axis on a 12-lead electrocardiogram (ECG), has recently become accepted as a variable of ventricular repolarization ([@B1]-[@B6]). The QRS-T angle has been shown to be useful in predicting total mortality ([@B1]-[@B3]) and ventricular arrhythmias ([@B4]).

In patients with prior anterior myocardial infarction (MI), we recently reported that the extent of myocardial perfusion defect (MPD), a quantitative variable of MI size, is a determinant of the frontal QRS-T angle ([@B6]). However, whether or not the association can also be applied to patients with prior inferior MI remains unclear.

ECG-gated myocardial perfusion single photon emission computed tomography (SPECT) enables us to evaluate the MI size and left ventricular function simultaneously ([@B7],[@B8]). In the present study, we sought to compare the effects of MPD on the frontal QRS-T angle between anterior and inferior MI using myocardial perfusion SPECT.

Materials and Methods
=====================

Patients
--------

Between April 2015 and October 2016, 714 patients underwent an ECG and myocardial perfusion SPECT for the evaluation of myocardial ischemia. Of these, 68 patients with anterior MI and 52 with inferior MI with at least more than 12 months since the onset were retrospectively selected. Patients with bundle branch block, significant valvular disease, cardiomyopathy and those undergoing hemodialysis or cardiac surgery were excluded. Ultimately, 42 patients with anterior MI and 42 age- and sex-matched patients with inferior MI were enrolled in this study. For controls, 42 age- and sex-matched patients with no MPD were selected. The study protocol was approved by the Ethical Committee for Epidemiology of Hiroshima University.

ECG
---

A standard 12-lead ECG was recorded at a paper speed of 25 mm/sec and an amplification of 10 mm/mV (FCP-7541; Fukuda Denshi, Tokyo, Japan) at the time of myocardial perfusion SPECT. The QRS axis and T-wave axis were automatically measured. In accordance with previous reports ([@B1]-[@B6]), the frontal QRS-T angle was defined as the absolute value of the difference between the frontal plane QRS axis and T-wave axis. When the QRS-T angle was more than 180°, it was adjusted to the minimal angle using "360° - angle". A QRS-T angle of more than 90° was considered abnormal, as previously reported ([@B4]).

Myocardial perfusion SPECT
--------------------------

All patients fasted overnight, and underwent myocardial perfusion SPECT synchronized with an ECG ([@B7],[@B8]). Adenosine was infused over 6 minutes (120 μg/kg/min), and Tl-201 \[111 MBq (3.0 mCi)\] was injected 3 minutes after the initiation of adenosine infusion. The stress Tl-201 SPECT acquisition was started 5 minutes after the stress test. Four hours later, redistribution Tl-201 SPECT images were obtained. SPECT images were acquired with a dual-detector 90°γ-camera (Brightview X; Philips Healthcare, Milpitas, USA). Images were acquired with the following parameters: 36 total projections; 180° from right anterior oblique to left posterior oblique and a noncircular orbit; 64×64 matrix; 6.4 mm pixel size; 16 frames per cardiac cycle with retrospective electrocardiogram gating; low-energy, high-resolution collimation; and 40 seconds per stop. Images were reconstructed using ordered-subset expectation maximization (iteration, 2 ; subset, 9) with a Butterworth filter (order, 8; cut-off frequency, 0.50 cycles/pixel for stress images and 0.45 cycles/pixel for redistribution images).

The analysis of myocardial perfusion SPECT
------------------------------------------

The semiquantitative visual interpretation of SPECT images was performed with the short and vertical long axes divided into 17 segments. Each segment was scored using a 5-point scoring system (0, normal uptake; 1, mildly reduced uptake; 2, moderately reduced uptake; 3, severely reduced uptake; and 4, absence of detectable radiotracer in a segment) ([@B9]). The summed stress score (SSS) and the summed redistribution score (SRS) were determined, and the summed difference score (SDS) was obtained by subtracting the SRS from the SSS. As a quantitative variable of the MI size, MPD was obtained by using the following formula: MPD (%) = SRS ×100 / 68. The left ventricular end-diastolic volume (LVEDV), end-systolic volume (LVESV) and ejection fraction (LVEF) were obtained from stress images using quantitative gated SPECT (QGS) (Cedars-Sinai Medical Center, Los Angeles, USA) ([@B10]).

Statistical analyses
--------------------

Continuous variables are shown as the mean ± standard deviation (SD), and categorical variables are shown as frequencies and percentages. Continuous variables were compared by Wilcoxon\'s test. Categorical variables were compared by the chi-square test or Fisher\'s exact test. Correlations between SPECT and ECG variables in anterior and inferior MIs were assessed by Spearman\'s rank correlation coefficient (ρ). Differences were considered significant if the p value was \<0.05. Statistical analysis was conducted using JMP 11 software program (SAS Institute, Tokyo, Japan).

Results
=======

Patient characteristics
-----------------------

The patient characteristics are shown in [Table 1](#t001){ref-type="table"}. The body mass index and serum creatinine were similar among the three groups. Patients with anterior or inferior MI had hypertension more frequently than control patients. Compared to patients with inferior MI, those with anterior MI had larger MPD (24.3±14.8% vs. 17.0±8.2%, p\<0.001), larger LVEDV (116±66 mL vs. 78±29 mL, p\<0.001) and lower LVEF (41±13% vs 53±10%, p\<0.001).

###### 

Patient Characteristics.

  ---------------------------------------------------------------------------------------------------------
  Variable                                      Anterior MI\      Inferior MI\      Control\      p value
                                                (n=42)            (n=42)            (n=42)        
  ------------------------------------------ -- -------------- -- -------------- -- ---------- -- ---------
  Age (years)                                   70±9              70±9              70±8          0.96

  Female                                        7 (17%)           7 (17%)           7 (17%)       1.00

  BMI (kg/m^2^)                                 24±4              24±4              24±3          0.82

  Systolic blood pressure (mmHg)                123±18            121±17            131±16        0.02

  Diastolic blood pressure (mmHg)               70±11             72±9              73±12         0.55

  Pulse rate (bpm)                              66±12             64±9              67±13         0.80

  Hypertension                                  39 (93%)          35 (83%)          25 (60%)      \<0.001

  Diabetes                                      20 (48%)          18 (43%)          12 (29%)      0.17

  Atrial fibrillation                           0 (0%)            1 (2%)            4 (10%)       0.23

  Medications                                                                                     

  Angiotensin-converting enzyme inhibitors      7 (17%)           9 (21%)           1 (2%)        0.07

  Angiotensin II receptor blockers              15 (36%)          18 (43%)          12 (29%)      0.39

  Beta blockers                                 32 (76%)          25 (60%)          9 (21%)       \<0.001

  Calcium channel blockers                      11 (26%)          17 (40%)          15 (36%)      0.37

  Statins                                       31 (74%)          29 (69%)          20 (48%)      0.03

  SPECT                                                                                           

  SSS                                           20.4±9.8          14.8±6.6          1.0±1.7       \<0.001

  SRS                                           16.5±10.1         11.6±5.6          0             \<0.001

  MPD (%)                                       24.3±14.8         17.0±8.2          0             \<0.001

  SDS                                           3.8±3.9           3.3±3.2           1.0±1.7       \<0.001

  LVEDV (mL)                                    116±66            78±29             61±15         \<0.001

  LVESV (mL)                                    73±58             38±21             23±10         \<0.001

  LVEF (%)                                      41±13             53±10             65±10         \<0.001
  ---------------------------------------------------------------------------------------------------------

MI: myocardial infarction, BMI: body mass index, SPECT: single photon emission computed tomography, SSS: summed stress score, SRS: summed rest score, MPD: myocardial perfusion defect, SDS: summed difference score, LVEDV: left ventricular end-diastolic volume, LVESV: left ventricular end-systolic volume, LVEF: left ventricular ejection fraction

The QRS axis, T-wave axis and frontal QRS-T angle in anterior versus inferior MI
--------------------------------------------------------------------------------

The mean time from the onset of MI to the ECG was 5.1±3.7 years. Four patients with anterior MI and one with inferior MI had atrial fibrillation. The QRS and T-wave axes of each group are shown in [Fig. 1](#g001){ref-type="fig"}. The mean QRS axes in anterior MI, inferior MI and control subjects were 10.2±50.7°, 1.1±36.2° and 38.2±32.1°, whereas the mean T-wave axes were 95.8±53.5°, 13.0±35.3° and 52.4±22.2°, respectively. The mean frontal QRS-T angles in anterior MI, inferior MI and control subjects were 94.7±46.2°, 26.7±22.1° and 27.0±23.2°, respectively ([Fig. 2](#g002){ref-type="fig"}). Compared with control subjects, the frontal QRS-T angle was larger in anterior MI subjects (p\<0.001), and similar in value to that in inferior MI subjects (p=0.69). An abnormal QRS-T angle was more frequent in anterior MI subjects than inferior MI subjects (55% vs. 2%, p\<0.001).

![The QRS and T-wave axes in anterior myocardial infarction, inferior myocardial infarction and control subjects.](1349-7235-59-0023-g001){#g001}

![The frontal QRS-T angles in anterior myocardial infarction, inferior myocardial infarction and control subjects. \# p\<0.001 versus control.](1349-7235-59-0023-g002){#g002}

Correlations between SPECT and ECG variables in anterior vs. inferior MI subjects ([Table 2](#t002){ref-type="table"})
----------------------------------------------------------------------------------------------------------------------

In anterior MI subjects, MPD was significantly associated with the T-wave axis (ρ=0.46, p=0.002) and QRS-T angle (ρ=0.47, p=0.002) ([Fig. 3](#g003){ref-type="fig"}, left panel), but was not with the QRS axis (ρ=0.07, p=0.66). In inferior MI subjects, there were no associations between MPD and ECG variables ([Fig. 3](#g003){ref-type="fig"}, right panel).

###### 

Correlations between SPECT and ECG Variables.

                  Anterior MI                                                
  ------------ -- ------------- -- ------ -- ------ -- ------- -- ------- -- -------
  SSS             0.04             0.78      0.44      0.003      0.46       0.002
  SRS or MPD      0.06             0.72      0.46      0.002      0.47       0.002
  SDS             0.004            0.98      0.06      0.71       0.002      0.99
                                                                             

                  Inferior MI                                               
  ------------ -- ------------- -- ------ -- ------- -- ------ -- ------ -- ------
  SSS             -0.07            0.58      -0.11      0.49      0.13      0.40
  SRS or MPD      -0.14            0.37      -0.16      0.31      0.07      0.66
  SDS             0.20             0.20      0.28       0.07      0.20      0.20

SPECT: single photon emission computed tomography, MI: myocardial infarction, SSS: summed stress score, SRS: summed rest score, MPD: myocardial perfusion defect, SDS: summed difference score

![The correlations between the extent of myocardial perfusion defect and frontal QRS-T angle in anterior myocardial infarction (left panel) and inferior myocardial infarction (right panel).](1349-7235-59-0023-g003){#g003}

Discussion
==========

In the present study, we showed the following: 1) compared with control subjects, the frontal QRS-T angle was larger in anterior MI, and similar in value to that in inferior MI; and 2) the T-wave axis and frontal QRS-T angle increased with increasing MPD in anterior MI, whereas no correlations were found in inferior MI.

The frontal QRS-T angle, which is easily obtained as the absolute value of the difference between the QRS axis and T-wave axis on a 12-lead ECG, has been described as a variable of ventricular repolarization. An abnormally wide frontal QRS-T angle has emerged as a prominent variable for predicting total mortality in patients with cardiomyopathy ([@B2]) or congestive heart failure ([@B3]), and for predicting ventricular arrhythmias in patients with coronary artery disease receiving implantable cardioverter-defibrillator ([@B4]).

Several groups, including ours, have shown the effects of previous MI on the frontal QRS-T angle ([@B1],[@B6]). May et al. recently showed that patients with an abnormal QRS-T angle, defined as more than 90°, had previous MI more frequently than those with a normal QRS-T angle in a diabetic population ([@B1]). We recently demonstrated the association between the extent of MPD and the frontal QRS-T angle in anterior MI subjects ([@B6]). In the present study, we further evaluated the frontal QRS-T angle in both anterior and inferior MI subjects, separately, and showed that the frontal QRS-T angle was increased in anterior MI, but not in inferior MI. Interestingly, approximately half of patients with anterior MI had an abnormal QRS-T angle, whereas most patients with inferior MI had a normal QRS-T angle. In anterior MI, the increase in the frontal QRS-T angle was mainly attributed to the rightward shift of the T-wave axis, which was dependent on the extent of MPD. In contrast, in inferior MI, there were no associations between the extent of MPD and ECG variables.

Previous studies have shown that infarct location as well as infarct size are important prognostic factors in MI, with an increased mortality associated with the involvement of the anterior wall ([@B11]-[@B13]). Our findings of a larger QRS-T angle in anterior MI subjects than in inferior MI subjects and the positive correlation between the extent of MPD and the QRS-T angle in anterior MI subjects may help explain the prognosis of patients with MI as is generally made in the clinical setting ([@B11]-[@B13]).

While previous studies have suggested that inferior MI subjects may be more prone to ventricular arrhythmias than anterior MI subjects ([@B14],[@B15]), we found that the frontal QRS-T angle in inferior MI subjects was not increased as evidently as that in anterior MI subjects. Although the reason for this inconsistency remains unclear, one possible reason is that the frontal QRS-T angle may not reflect the spatial QRS-T angle well, especially in inferior MI. The frontal QRS-T angle is produced based on the projection of the three-dimensional spatial QRS and T vectors onto the frontal plane. Whether or not the frontal QRS-T angle reflects the spatial QRS-T angle in both anterior and inferior MI separately should be confirmed. In addition, further studies are necessary to clarify the implications of the frontal QRS-T angle in predicting total mortality or ventricular arrhythmias in anterior and inferior MI separately.

There are several limitations associated with this study that should be considered. First, left ventricular hypertrophy may be associated with the frontal QRS-T angle ([@B16]). However, we were unable to evaluate the association of these items because the precise left ventricular mass in MI cases is difficult to calculate with echocardiography. Second, we did not assess the effects of the frontal QRS-T angle on total mortality or ventricular arrhythmias in each infarct location. Third, redistribution images were obtained four hours after the stress test. Assessing 24-hour late images can enhance the detection of myocardial viability after MI ([@B17]). Finally, the small sample size was a major limitation of this study.

In conclusion, our data suggest that the frontal QRS-T angle in inferior MI subjects is not increased as evidently as that in anterior MI subjects.
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